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INTRODUCTION. 

in the blowing of glass, trouble is often exper- 
ienced due to the walls of the cylindrical glass bubble ex- 
panding unevenly, reeulting in bulges or blisters. A certain 
glass company, who used compressed air for blowing, claimed 
that this irregularity was causea by a sudden increase of 
pressure within the hot cylinder, and resorted to the exped- 
ient of drilling a small hole in the discharge pipe of the 
compressed air ax, believing thus to provide ese of 
relieving this excess pressure, and - prevent the bulging 
of the glass. The device was thought practical, and patent- 
ed. 

At about the same time, another company, exper- 
butte. @ Similar difficulty in blowing, discarded the use 
of compressed air and substituted a blower, so that the 
pressure might be easily varied, and reduced as soon i the 
stn commenced to expand unevenly. Upon learning of a 
blower being put to such a iii the first company brought 
Suit against the second on the grounds that the excess pres- 
sure could pass through the discharge pipe as a back draft 
and relieve itself at the eye of the fan, and therefore the 


apparatus acted in the same manner as their relief hole and 


was an infringement upon their patent rights. 

The matter was subjected to a series of tests, and 
the conclusion was reached that, under ordinary conditions 
of use, the blower could not form a means of relieving the 
pressure to such an extent as to be effective in preventing 
deformation of the glass, 

fese tests have been taken as the basis for the 
topic of this thesis; the object has been, first of all, to 
determine if a back draft actually does occur when the pres- 
sure at the point of discharge is cebiaiiae increased, and 
secondly, to determine the magnitude of this back draft, 

DESCRIPTION OF APPARATUS. 

The oa consisted of a No. 00 Buffalo centrifug- 
al fan belt driven by a 3 HP direct current motor, and dis- 
charging through a 4 inch pipe into a sheet metal tank of 
20 cubic feet capacity equipped with quick-acting valve at 
one end, which simulated the cylinder of molten glass of 
the original problem in Ose ae &@ large volume of air at 
the point of discharge. Figure 2 shows the manner in which 
the seeaceban was set up. 

The instruments used in the test were; three j- 


tube water manometers of about 16 inch capacity; an Ellison 
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inclined draft gauge; and a tachometer and a Veeder speed 
counter, the latter to measure speeds which were beyond the 
tachometer. An attempt was also made to a pair of small pend- 
ulums to measure back draft by a method which shall be des- 
cribed later, but it was found to be impracticable, and a 
draft gauge used instead. 

) CONDUCT OF TEST, 

Since the blower had been just purchased, it was 
first neccessary to determine its normal Sete atin - 
that is, the effect of various speeds of rotation upon its 
discharge pressure and rate of discharge under rated oper- 
ating conditions. For this purpose five sets of runs were 
made, as follows: three runs with the tank disconnected - 
the first with the end of discharge pipe entirely open, the 
second. with the end of the pipe covered by a tight fitting 
lid having a l]-inch round hole in its center, and the third 
with the pipe completely stopped. The other two rans were made 
with the sani connected, the quick-acting valve being open 
during one, and closed during the other. In each run the fan 
Was operated at from ten to fifteen different speeds, and the 
corresponding total and static discharge heads, and the static 
draft head measured - the former by means of @ pitot tube in- 


serted in the discharge pipe some 4 feet from the outlet of the 


fan, and the latter with the inclined draft gauge connected to 
the intake at a point sufficiently far from the entrance to a- 
void eddy currents. There was considerable difficulty experienc- 
ed in obtaining consistent results owing to fluctuations in the 
speed of the motor, and leakage around the joints of the mano- 
meters, which were difficult to keep tight because of having to 
dismantle the apparatus at the end of each day's runs. 

When these calibrations were dinbidisa: the heart of 
the experiment was in order - tne investigation of back draft. 
it was here that most difficulty came up; it was soon evident 
that a puff of air did travel back through the discharge pipe 
and emerge at the eye of the fan, as a paper streamer placed at 
the mouth of the intake showad conclusively, but it was of such 
brief duration and occurred 80 rapidly that the manometers and 
draft gauge failed to indicate it.The pendulums were then 
tried; two oblong pieces of thin wood, adidas A inches in length 
were suspended on a wire at the mouth of the intake, one of 
which was free to swing either actnara or inward, while the 
other. was sched so as - be able to swing outward only. By 
measuring the inward deflection of the free pendulum with a 
protractor while the tank valve was open, and the outward swing 


of the stopped pendulum which occurred the moment the valve was 
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goes 


Closed, it was intended to calculate the forces atting upon them 


and hence obtain a comparison between back draft and suction; but 
it was soon found impossible te wii as tne deriontionss¢ the | 
Sains with any degree of accuracy, and still further imposs- 
ible to time the motion of the enna pendulum, and s0 the scheme 
was abandoned. fhe draft gauge was again resorted to, and by vary- 
ing its angle of inclination, a position was found in which it 

was sufficiently sensitive to indicate the puff-back with fair 
accuracy, and it was decided to use it thus. A run was now made 
With about tne same range of speeds as before, but taking two sets 
of readings at each speed - one of discharge pressures and draft 
while the tank valve was open, and then, upon closing the valve 
suddenly, noting the deflection of the draft gauge. Correction for 
the change in inclination of the latter has been made by multi- 
plying the actual readings on the scale, which was calibrated in 


the ratio of 4 inch to the inch, by 4 x sin angle of inclination. 
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DISCUSSION OF RESULTS. 

Plates 1 to IX show the normal characteristics of the 
blower, and plate X shows the magnitude of the back draft occ- 
urring at different speeds. As previously mentioned, there are 
discrepancies in the results of similar runs made at different 
times, the extent of these variations being illustrated by the 
curves of plates Al to AIV; therefore most of the curves on 
plates 1V to IX are plotted the composite data of each set of 
similar runs. 

The back draft, according to X, attains a max imam value 
of 0.34 inches of water at a fan speed of 4000 R.P.M. and has a 
duration of, at the most, a second; it seems os fact to be a 
compression wave rather than an actual puff of air. A mass of air 
is moving rapidly while the valve 6f the tank is open, and is | 
stopped suddenly when the valve is thrown shut; the inertia of 
the mass causes a compression region to form, which is reflected 
through the system very much in the manner of a sound wave. 

In view of these considerations, this back draft could 
have no significance commercially. It produces no noticeable 
effect upon the water column of a U-tube manometer, and there 
is not any likelihood of its altering the pressure within a 
cylinder of molten glass sufficiently to prevent the formation 


of bulges. 


EO Ses S. 


DEPT. EXPERINERTAL Enammeening, SIRCEY COLLEGE, CORNELL UNIVERSITY, 


| Page 7 


38 


37 


36 


33 


32 


ar 


13 
3 | 


ai. 


bball 

| 

i 

{ 
ra 


30 


ale 


FAN SPEED - HUNDRED R.P.M. 


28 


a 


gp 


26 


— 


o 2 


24 


a) 


"B. ©. CARPENTIA. ee er . o% Ww 
| — YdlWM JO SAHNI - aUNSSaud 


of a 1THAGA "& | 


DEPT. EXPERIMENTAL ENGINERRIN 


‘BIBLEY COLLEGE, CORNELL UNIVERSITY. 


Page 8 


 F 


4 


Li 


40 


39 


38 


G7 


copeectanienenees 
routine 


36 


= aman 
ss 
iS hk Ee & 


3s 


oF 


LI 


33 


“o- 


ART 
FAN SPEED-WUNDRED RPM. 


Bd 


28 


oe \O | “ T ~ 
ddalyM 40 SAHINI\ - ANNSSAda 


WN 


Wea ag 


. EXPERIMENTAL EMGINEZRING, BIBLCEY COCLEGE, CORNELL UNIVERSITY. 


47 


AG 


45 


Aq 


43 


42 


41 


40 


39 


38 


FAN SPEED- HUNDRED RPM. 


37 


96 


35 


33. 


— 
t 
t- 
y 7 
ce 
S swe 
: t 
Be i 
. se eka 
F t. 
© 
* 
“gu ff. ©. CARPENTER, ITRAGA N.Y. aes eM oe 
Oo oN er Sa oO p) T wo N 


MJLWM 40 SAHONI - auNSSaud | 


32 


DEPY. EXPERIMENTAL EMQINERRING, 


SIBCEY COCLEGE, CORNELL UNIVERSITY, 


40 


38 


37 


36 


+t] 


35 


34 


33 


32 


Ti 


FAN SPEED- HUNDRED R.P.M. 


30 


e? 


28 


SS Bt ote Beat 
cate 


27 


2G 


(-@. C. CARPENTER. ITHACA Ms Y. 


x. e) 


ea oe 
WalWM 40 SAHONI -auNsSsaud 


25 


DEPT. EXPERIMENTAL BMGINBERIN 


‘BIBCEY COCLEGZ, CORNELL UNIVERSITY. 


49 


42 


41 


40 


39 


38 


= 
fo} 


eS. 


Ho 


~PY- 


30 


29 


ne 


BS) -R. GC. — IT RAGA . 00 


een w i ih 
YALVM dO SAHONI - AWNSSAYd 


28 


FAN SPEED- HUNDRED R P.M. 


eae 
cin Ne 


is te 


pues 
133 
aa 


i 
ets 
agra 


hg ¢. ak a ST Weis de “& 


. EXPERIMENTAL EBMQUNEERING 


“BIBCEY COLLEGE, CORNELL UNIVERSITY, 


46 


44 


42 


M8 


40 


imi 


38 


‘an od 


36 


44 


34 


4 


32 


i 
BES eee: 


3O 


28 


“1 


o/ 


4 
aaa 
pte’ 


24 


Ze . 


mane 


Sas \o Ww r vp) 
WaALVM 30 S3FHONI - ANNSSAdd 


20 


26 


FAN SPEED-HUNDRED RPM. 


DEPT. EXPERIMENTAL ERGINZERING 


SIBCEY COCLEGE, CORRELL UNIVERSITY, 


Pace 13 


SO 


49 


46 


44 


sane 


88 40 42 


coer 


36 


— 


34 


4 


1 


32 


— 


fo 


— 


of 


24 26 2€8 30 


22a 


i-4 


+ 


: wy” ©. CARPENTER. ITHACA M. Y. 


eo) Os 
daLYM 40 SAHIN! -AUNSSaUdd 


20 


FAN SPEED- HUNDRED R.P.M. 


wig 
ti 


ay 


Peet 
ie 


A ble 
ae 
a ghae 


a 


RA aaa 


: 
: 


. EXPERIMENTAL ERGINZER! BIBCEY OOCLEGE, CORNELL UNIVERSITY, / [@) 
2. 
CoN 
IOS 
iv 
oO 
; et SEaeE 
a ° + 
a : 
¢ 1 I | 
cre 
\ : FH 
r ; 
\ } 
O 
1¥ 
co} 
| 
tt 0 
ja ag 
~ } 
pe i a 
: o* c. CARPEYREA. ITRAGA [e) oO oO re) Oo cc oO 
Le) =) oO fe) ro) ® 12) 
S) v be ° @ 0 T N 


ASUYVHISIC 40 ALVY 


49 46 48 


40 


34 36 
FAN SPEED- HUNDRED R.P.M. 


28 


e4 


Pog 4 


a0) 


ay 


- EXPERIMENTAL ENGINEERING, BISLEY COLLEGE, CORRELL UNIVERSITY, 


‘Wiad — ADUVHISIG 40 Biv 


ag 
Ni) 
: uy % 
< 
; s 
a te 
\ re 
Ww) 
gt iv z 
FE Bc 
i ; ; 
ve) 
au r 
SS 
_ ] vw) 
0 in 
vB) 
rid 
F a 
eo a 
‘ : we 
: oS” cncy « W STHAGA a © re) re) 8 Oo ro) oO re) ‘ 
RQ aa | © O Oo > a." oO 5 Oo 
o 00 ‘oO vv Vv o co 9 vT rat] 


Patter 
pote 
a 


So 


3 
Bae 


Page 16 


. EXPERIMENTAL ENGINEERING, GIBLEY COLLEGE, CORNELL UNIVERSITY, 
G oe 
F ea ? 
Me ry 
eRe 
ON 
x oe 
| 
q = 
J 
tae x 
s tt 
€ tog 
i =r 0 
: 9 
S *) 
ace > 
\ \ TN oO. 
ys 
Vv 
* © 
> us 
Y 
= 
+ 9 
oe 
x 
} 
b WN 
O- f ery ra} 
asd 
tal 
a 
WY 
- ~% 
Z 
oD es 
Le | 
HN 
N 
06 
Qe 
X\ 
™ 
/ | 
\ Q' = 
HY © 
ln® C. CARPENTER, ITHACA my > ' ay ati sn l N 
oO ; oe rey 3 rey Pa 


“MLWM 4O S3HONI -BuNSS3yd “LV ud 


Page 17 


OF - BLOWER 


DIAGRAM 


K% 
ZIN 
N 
AL Zea 
Seat! (aes 
Zz aL. = mae Ry Sol | 
— DAVLNI [wid « a. 


FIG. I 


Se saw yi caterig Raa 


% 
e 
a 
@ 

ry 


Sy aaa ROR IERS 


te Sap 


af git Swe 


Oe Pen e 


a Atlan 


Spas 


GEC AT a Og Shenk gan ies 


ae 


a ee 


. 


4 " % 

se. > A 

‘ as 2 ; Me : 

a ¥ 5: a 

2 . ; poe ‘ 
i St a 

J f as 

‘ 5 Ae 


aie a 


CS 


~— 


eee 


ee ots herds ee tes a aa 


Siete, 


* 


Page 18 


DIAGRAM OF APPARATUS 
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General View Of Blower And jotor. 


Quick-Acting Valve On End Of Tank. 


Connection Between Discharge Pipe And Tank, 
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PRELIMINARY CURVES. 


PLATES XI TO AVI 
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SUMMARY oF RUNS 
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DERIVATION OF FORMULAE. 


1. Discharge Velocity. 


The pressure exerted by air in motion is 


2 
Hi WV = 2¢H 
2g 


we 


where H = Pressure in feet of air 


V= Velocity in Ft. /Sec. 


(1) 


Page 27 


Applying this equation to the measurement of V by means of a 


Pitot Tube and water manometer: 


2 oe 
v° = k2gHa 


where k 


@ constant = (1 - 0.0257 ‘, 


(2) 


L = 44" = Distance from mouth of fan to Pitot tube 


Df = 4" = Dia. of discharge pipe 


D 262.3 = Density of water at 70 Deg.F 


ad = 0.0805 ee ae 


0.0257 


Substituting and converting V to Ft./Min. and H to "He0 


44m 
2 = (1 - 0.0257 x: - ) 64.4 


4it 


v 


vo = 11040VH 


2. Rate of Discharge. 


ia. £ Ay 


x 


6253 


0.0825 


gi 


ee 


12 


@ constant, Sturtevant Co. Cat. #64 


x 3600 x H 
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where Q Cu. Ft. /llin. 


A Area of discharge pipe in sq. ft. 


Q= 5.1416 x, 3" )2 x¥ 
a 12 


0.0867 V 
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RUN No. 1 


DISCHARGING THROUGH OPEN PIPE. 


Fan Speed Total Head Static Head Velocity Head Draft Head 


R.P.M. In. He0 In, H0 In. H20 In. #0 
3540 Bed 0.40 4675 4.30 
3500 5.05 0.35 a ae 4.15 
3460 5.00 0.30. 4.70 4.00 
3400 4.80 0.35 4.45 3.95 
3320 4.65 0.35 4.30 3.80 
3200 4.30 0.35 ae 3.50 
3120 4.10 0.35 3.75 3.30 
3020 3.80 0.35 3045 3.25 
2900 3.70 0.35 - 2.90 
2820 3.30 0.35 2.95 2.70 
2700 3.00 0.35 2.65 2.50 
2660 3.00 0.35 2.65 2.45 
2560 2.80 0.25 2.55 2.30 
2520 2.60 0.25 2.35 2.15 
2480 2.60 0.20 2.40 2.10 


a SS 


eS aS 


ee iver. 
ae 
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RUN NO. 2 


DISCHARGING THROUGH PARTIALLY STOPPED PIPE 
1" DIA. ORIFICE 


Fan Speed Total Head Static Head Velocity Head Draft Head 


R.P.M. In. H,0 In, H,0 In, Hp0 In. H,0 
2800 5.10 5.00 0.10 0.35 
ebro: «GO 5.40 0.10 0.35 
3000 | 6.00 6.00 | 0.00 0.35 
3100 6.25 6.25 0.00 0.35 
3200 | 6.60. 6.50 0.10 0.35 
3500 8.10 — 0.10 0.40 
3600 8.70 8.70 0.00 | 0.40 
3700 9.10 9.10 0.00 0.40 
4088 10.60 10.60 0.00 0.50 
4152 11.00 10.80 eae 0.55 


4392 12.40 12.40 0.00 0.60 


ig es 
BS 
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RUN No. 3 


DISCHARGING INTO CLOSED PIPE. 


Fan Speed Total and Static Heads Draft Head 
RoP.M. In. Hg0 In, Ho0 
3700 a ee 0.50 
3700 8.50 0.50 
3780 9.10 0.50 
seontisési«z 9.20 0.50 
3880 9.55 | 0.50 
3960 | 9.90 0.55 
4000 : 10.10 0.60 
4134 10.10 ~ . 0.60 
4180 10.90 | 0.60 
4300 11.20 ee 0.60 
4318 11.35 0.60 
4407 12.20 0.65 
4432 11.70 0.65 


4462 11.60 | 0.65 


Fan Speed 
R.P.M. 


2600 
2700 
2760 
2800 
2880 
2900 
2960 
3000 
3120 
3200 
3340 
3400 
3440 
3500 
3600 


5800 


RUN No. 4 


DISCHARGING INTO TANK ~ END VALVE OPEN, 


Total Head 
In. H950 


4.40 
5.40 
5.40 
5.40 
6.00 
6.20 
6610 
6.50 
7.10 
7.50 
8.20 
8.80 
8.50 
9.00 
- 9440 


10.90 


Static Head Velocity Hd. 
in. H,0 


4.20 
4.80 
4.50 
5.00 
4.90 
5.50 
5.10 
5.80 
6.50 
6.60 
6.80 
7.60 
7.90 
8.00 
8.50 


9-80 


in 


2 
0-20 


0.60 
0.90 
0.40 
1.10 
0.70 
1.00 


0.70 


0.80 


0.90 
1.40 
1.20 
0.60 
1.00 
1.10 


1.10 
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Draft Head 
in HAO 

| 0.40 
0.70 
0.52 
0.54 
0.58 
0.85 
0.60 
0.86 
0,77 
0.98 
0.75 
1.12 
0.85 
1.10 
1.12 


1.15 
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RUN No. 5 


DISCHARGING INTO TANK - END VALVE CLOSED. 


Fan Speed Total & Static Hd. Draft Head 
HeP.M. In. H.0 in. H0 
2800 5.20 0.30 
2620 5.20 0.33 
2940 5-80 0.33 
2980 6.10 0.37 
3000s 6.00 0.30 
Cn. 6.60 | 0.38 
3160 6.80 | 0.42 
3200 7.00 0.42 
3220 ey: 0.36 
3320 1 Note ae 
“609 Tene 0.42 
3480 7290 Paes 
3500 8.00 oe 
se 8.40 0.48 
3600 8.30 ae 
3680 | 8.70 eis 
ee 9-10 0.51 
3800 9.40 | or 
via . 9280 0.53 


4110 10.00 0.53 


ree 
ered 
ey 


a 
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- 2e No. 6 
DISCHARGING INTO TANK - 


END VALVE ALTERNATELY OPENED AND CLOSED. 


| DRAFT HEAD 
FAN SPEED 
Tank en Tank Closed Back Draft 
Constant Instant 
(1) (2) (3) (2)-(3) (1)-(2) 
2600 0.51 0.28 0.26 0.02 0.23 
2660 0.54 0.29 0627 0.02 0025 
2700 3 0.56. 0.30. 0.28 0.02 0.26 
2800 0.60 : 0.34 0.31 0.03 0.26 
2900 0.64 e860 © 8.24 0.00 0.30 
3000 — 0.70 0.40 0.34 0.06 0.30 
3100 0.72 0.41 0.38 6.03 681 
3200 0.76 0.42 0.87. 0.05 0.34 
3240 0.88 0.44 0.41 0.05 0.44 
3500 0.92 0.45 0047 0.02 0.48 


3700 1.00 0.49 0.45 0.06 0.51 


6 a 
Bs 
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Lae: 
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Fan Speed 


Open 
Closed 


Open 
Closed 


Open 
Closed 


Open 
Closed 


' Open 
Closed 


Open 
Closed 


Open 
Closed 


Open 
Closed 


Open 
Closed 


Open 
Closed 


Open 
Closed 


Open 
Closed 


RB, P.M. 


2720 
2820 
2840 
2940 


2900 
2980 


5020 
5160 


3120 
3520 


3200 
5480 
3300 
5560 


5400 
5440 


3440. 
3700 


35600 
4210 


3700 
4430 


3800 
4740 


: DISCHARGEING INTO TANK 
END VALVE ALTERNATELY OPENED AND CLOSED. 


Total Head 
Ing HO 


5.40 
5.20 


RUN NO. 7 


Static Heaa 
In. H O 


4.80 
5220 


5.20 
5.80 


5.50 
6.10 © 


5.80 
6.80 


6250 | 
7240 


Velocity Head 
Ing HO 


0.60 
0.00 


0.60 
0.00 


0.70 
0.00 


0.80 
0.00 


0.80 
0. 00 


1.20 
0.00 


0.70 
0.00 


0.90 
0.00 


0.60 
Oe 00 


1.00 
0-00 


1.10 
0.00 


1.20 
0.00 
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Draft Head 
in, HO 


0.57 
0.55 


0.60 
0.55 


0.65 
0.57 


0.71 
0042 


0.77 
0.42 


0.76 
0.45 


0.80 
0.47 


0.86 
0.45 


0.85 
0.55 


1.03 
0.73 


1.08 
0.75 


1.13 
0.86 
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RUN Wo. 8 


DISCHARGING INTO TANK - 
END VALVE ALTERNATELY OPENED AND CLOSED. 


Repetition of RUN No. 7 


RUN No. 9 
DISCHARGING INTO TANK - 
END VALVE ALTERNATELY OPENED AND CLOSED. 


Repetition of RUN No. 7 


RUN Wo. 10 
DISCHARGING INTO TANK - END VALVE CLOSED. 


Repetition of RUN Ng. 5 


RUN Wo. il 
DISCHARGING INTO TANK - END VALVE CLOSED. 


Repetition of RUN No, 5 


RUN No. 12 
DISCHARGING INTO TANK - END VALVE OPEN. 


Repetition of RUN No. 4 
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CALCULATED RESULTS. 


RUN No.l 

Fan Speed Discharge Vel. Quantity Discharged 
RPM. Ft. /Min. Cu. Ft. /ilin, 

3540 24700 2130 

3500 24400 2110 

3460 22600 1960 

3400 22500 | 1950 
3320 22000 1905 

3200 21200 1840 

eg 8G 20600 1785 

3020 20400 1765 

2900 19500 1670 

2800 18600 1608 

2700 17900 1550 

2660 17600 1520 

2560 17100 1480 

2520 17100 1480 


2480 16350 geass 


i. 
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CALCULATED RESULTS ~- RUN No.2 


Fan Speed 


R.P.M. 
2800 
2900 
3200 
3500 
3800 
4158 
4152 


4262 


2600 
2700 - 
2760 
2880 
2900 
2960 
3000 
3120 
3200 
3340 
3400 
3500 
3600 


5800 


Discharge Vel. 
Ft. /ilin. 


3590 
3590 
3590 
5590 
3590 
4500 
5080 


5080 


RUN No.4 


5070 

8780 
10750 
11900 

9480 
10340 

9480 
10300 
10750 
13410 


12410 
11350 


11900 


11900 


510 
3510 
310 
510 
510 
S72 
437 


437 


439 
760 
930 
1052 
822 
984 
821 
879 
950 
1161 
1075 
983 
966 


966 


in. 
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Quantity Discharged 
Cu. Ft. /il 


a 


=: 


i aay eae 


SUGGESTIONS FOR FUTURE INVESTIGATIONS. 
While this investigation has shown that in the case of 
the particular apparatus. used, the back draft effect may be ig- 
nored, in is a possibility that, were the discharge pipe of the 
blower shorter or of smaller diameter, the compression wave might 
be transmitted without undergoing any appreciable absorbtion, and 
produce an actual drop in pressure in the tank. It is therefore 
Suggested that a series of runs be made using Os sizes of 
discharge pipes, to determine if such is actually the case, and if 
s0, between what range of pipe sizes the back draft may be neglect- 
ed. 

It would be interesting furthermore to increase the 
speed of the fan to the greatest that might be safely attained 
and find out if the characteristic curves of this type of fan com- 
mence to droop or break; within the rated speed range, the pressure 
curves are all straight lines. 

it would be better to connect the manometers different- 
ially in future, so that all heads could be read directly, instead 


of taking only total and static heads and subtracting to find the 


velocity head, as did the present writers, r 
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